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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a PLL circuit 
which can be made implemented into an IC and is 
suitable for digital high-speed operation. 

SOLUTION: The PLL circuit is equipped with a phase 
comparator which detects the phase difference between 
input data and a 1st clock generated by a VCO 3 and 
having frequency a half as high as the bit rate of the 
input data by using the input data, the 1st clock, and a 
2nd clock signal which is 90° out of phase with the 1st 
clock, outputs a phase lead/lag signal, and further can 
separate the input data in 1:2 proportion. Further, the 
circuit is equipped with a filter which generates a 
control voltage for the VCO 3 by using the output of the 
phase comparator 1. The output of the filter 2 is fed 
back to the VCO 3. 
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[=!fIflit*co$£B] 

[w*«n x?)-r-?t, w.s.um^mm (vc 

1 / 2 <7)j§*$&£j#of& i co? n 7 ? t, mumio? 

M£f££tJU ©1SO^iIitcOff^£ai73U S<bU, 
HUfEA^f-*-^ 1 : 2 (I^gl-r^^l-r-*-^ Z&ZZ 
t WC ft 4 {SffiJtR^ t , hu I£fSffiit«c§ff co * ffl v> 

riittevcoo«i«p*a*!§£&-*.&7 < t, frtE 10 

>v®mtmi tm2<r>m^m^m 1 ti2<?)Di7 
>j 7 7-7D -y-7' (dff) ^fiti&siu itiria* 1 1 * 

2 cofggiJftcOT--- ? A7J3ST-(-i±, mtXtST--- 9 t s X 

Tjsit, mmmi m&wm<nfa -y ^A*S7-t:t±, H? 
i co^n 7 ^cot£s^*i;Sit7j&co7^A*sit, 

fljfEeg 2 co3ISiJf§co * n y 7 A^^ii, irIE* 1 <7) 20 
?o 7 ^A^jSit, Buffi* 1 £: IS 2 COD FFWf- * 

x#sgi=-u(±, mriEA^T'-^A^siu Hfrie»i<o 

DFFco^ny? l± frfE* 2 CO * n y ? 

#Sit, fJlE^2cODFFco^n -y ^A^ST-Uti, m 
IB«2<07n 7 ^coffea^^^^Tt^co^XT^^n, 
?bC, HUsE» 1 t»2coHci?lJtffCom^4-iufe5}-^tT-*- 
?tLTti)*L, ifc, «riefiffl«sis]S&(± 3 ocoA^J 
SSH^Jfoft l ^(b^4<OAND[a]SSt 20coA*«^ 

£j#o»i t^2cooR(as&^<b«)S^it. ttrfESi t 

»2cOAND|sIS§<0 2ocOA/tl^t:(±HifIB^ 1 cof&SU 30 

& <7)mm%.&mt) tmmm 2 m^m^tats^mm^ 
miowxtjiffi^izimmm 1 cod f f cnmrnK^ti^ 

mfiiZn, Hfrie^3 t^4cOANDHSSc0 2ocOX73^ 

t-u it > Htrisn 1 coitsuiffco thi] t mum 2 coftsugfco 

coA**^U(imjiE*2<ODF Fcoffiy^JiMSit, mi 

tes 4 co a n d 0s&co?s (] co x^^u i± mum 2 <o d 

FFcoffegRteaiya^SSf Sit, iriEf&lcoORHIS&cD 40 
AtlJST-UlifrieiSl t 3 CO A NDEISgcO itiT^SM 
Sit, frfE»2coORIiISScOAy + j^T-lc(±mrfE*2 t» 
4 coANDISj&coaiTJ^ScSit, mflEft 1 cOO R USS 
WffiM f UP^i LTlWIE? ^ ;t*(cm#Sit, huIE 
l^coORIIII&coffi^DOWNfi-^i: LTffJfE? < ;t 
^(^ttitlSn^Ci^^t-r^B^ai IE«<OP L L 

[n*Ji3] mtmmitm^umm^yy^ >y®& 
t mmzmmfcm&Rvm 3 t«4coDFF^«b»^s 

it, HulEfS+ifil^lilSScOmrfE* 1 coo R Hg&cotil^^fj 50 
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IE^3cODFFcO-r-^A*3g?-U^Sn, lfriESl2 
cO O R IalKcom7tl^BiJfE^ 4 co D F F co-r- ^ ATJIS^ 
i:«t?n> mfIE*2co^D 7 ^^'B«fE»3 t»4<OD 
FFOyn y ? A^STf-CftSSit, flfEIS 3 co D F F 
coaiTJ^U Pit i: LTHJIE7 i )i< 9 iz&t) mflE 
*4C0DF FcOtb^^DOWNif-f-t LThu!E7 i il 9 
tcait) $ it* - t ^^fiJ: i: 1-£ 2 fEftcO P L L Is] 

4 ] iutE-* > -7°'; v vmhnmvLm \tm2 

cOItSlJff^DM7 V 7 7*7 n 7 y (DFF) ^^ttfS? 
it* C t t-fZmHtm 2 fEttco P L L 

imxm 5 j iutE-»t- > y > y-iasgcofrfE* 1 1 m 2 

<0|SJiSiJ§!<±-?-it-eit N * 1 frhmz co 9 7-f-[elS&^e>1i 
RKSii, iljfEIS 1 07 7-^lelgScO-f-'-^ A73^(-iilu 
IEXt^J t*- ^ * ? A7J S it, fflE» 2 co 7 7 ^ 0S&CO t-'- 
^ A^ST-l^fifrfiE* 1 CO 7 7 ^®8§coffi7J75^M£ 
it, «TIE^3 co 7 y^-lilS&cO-r*- 9 A^T-UlimJiEfjS 

2C07 y^niiEgcoai^^ssit, mumi tmzny 

■y -^msgco 9 a 7 ^ A^^t-li ?n-^ Sit, 
HUlEft 2 co 7 7 ^(UJSco^ n 7 ^ A^^Uiif^aRti; 
Sit7^7n y 7 75 ? A*Sit, BfrIE*2C0 7 7 ^-msscoai 
^S^^'bfJfEiSjSlJIIcottS^^aiytlSit, mriE*3c0 7 

7 ^ nfs co ai 7^ ^ h mfiEissu coi^asem * ?5 ? m 7^ $ 
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[0002] 

[0 0 0 3] -f-^^-e^ D-Type7'j77'7n77 e 

^#-&^*^o COJ:^ ^EIS&<7)— W*^*" A Mono I i 
thic2. 3-Gb/s 100-mV Clock and Data Recovery Circui 
t in Silicon Bipolar Technology" IEEE Journal of 
Sol id-State Ci rcuit. VOL. 28, NO. 12, pp. 1310-131 
3, Dec. 1993. Uf£*c£ 2tTv>£ 0 

[0 0 0 4] EI7(ifi6*coPLLEI8&S:^-ria-C*^o 
*Vt*mi±&-mit%C&5 0, 7^^51, VC05 

Oii, »1^DFF5 5 5 3i^l»* 
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[0005] ^^mnm^vm-tio if, vco 

5 2 4>feO?n7 ffifflJt«»5 01*10*1 t 

S2»DFF 5 4, 5 5**>»f-J'A^*fi:J;ot 

t"- ? At>ff-f-w2:*.±75 s i9 &f\Z9 n y 5 'm^*** > -f 
>)>7L, |2«DFF5 5fa i f- ? A^M^Oia: 

H5dt:i'D7 ?m-%zv>-r>) >y-t2>tzit>, ru? 

?ffli, iUf2?)DFF 5 4, 5 5 i:SSi:*> 

10 0 0 6] d-e, *lR<li*20DFF54, 10 
5 5 let*, Ht->-/'J> ^t"-^ AaflrS-OWW 
0' T\ ^(C*>-7->; ^Sitfc-r'-?^' 1' (Oif 

tnmt. VCO 5 2 Ofiffi ^ft, -j-fcfc*, 
VCO 5 2<r>%rmmWL®.£±.lf2>?]mi l zmffl1-2>o ># 
U, > ^t-*- ? l' 0' (- 

*ftLfc»£\ -f - ? A#{f ^U*t LT if u y ?m^-<F> 
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*^F|6l, ti-fct,VC0 5 2Wl6«JajftaSrTtf**l»I 
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C, r-'- 9 XtliS-^t VCO 5 2 CO ? O y * -f-75 ? (B)ffl 

-f £0 

[0 0 0 7] ^«-^Srffl^r, t$gljg 5 3 IZ 
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is*). Si ^-■7<o^*fMt*0IMS**ffl^T4 ! ' 
if\L-y hftftOPL L ft T^& 0 jo 

[0 0 0 8] 

ffiJt^SS^r-* < v ? ;l> UK"?** £ ft T v > £ tz sb \z ft & 
cODFFri*, Aif-Ciot'^ H/- F tfLv>?n-y 

[0 0 0 9] [*W01fl5] #5&9!<7>±5rB8j(±, NR 
ZA27«-»UitU CMOSKSgL, ^ojfcjSftlftua 

[0 0 10] 
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<0*Bv*fc9 0Jgcofi*Bg£#c>£l2CO:7Dy 
Srffl^T, fcmrfE*l « 7 n 7 ? tcof£ffi^ 

SrtfctBU f£fficojt^iIftcofi-S§-£tlS#U $<biC A 50 
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giJUco * n y ? XA#fi: ti , bu IS* lo^D?>ot 

t*2<7)DFF<7)-f-'-5'A*5i^-(C(± < PLL^COA^J 
f - ? /5?A^J $ it, BUIE» KODFFO^D'y* Ay^S 
T-U tiflrfESS 2 O ^ n y ^ t5 s A* $ il , fj 2 ODF 

Fo^ny ^A^T-ni±, mim 2 <T> ? n y ? <7)mm 

[0 0 12] ifc, HJIEfS+iflJ^iaSSfiSocoA^S 1 ?- 
?rifo^ 1 7)^IS4COAND|aIg&t 2 otoA^ST^if 

o*i t*2O0R@»^<bflf«:$ii., ftriEfil l tl»2 

CO A N D I3i&c7y 2 oco Xi3m=f- IZ liftCD* 1 OttSUSo 

BE* 1 cOAND@ISco»i) tOA^J^tCiifrfE* 1 OD 
FFtoajy^^^sn, HfrlE*2c7)ANDI3SSco^0<7) 
A*3S^UJ±frfE* 1 <7>DFF<Dmm.R&liil)tfmm.Z 
ii-, ff!E*3 t*4 0AND(i]SS<75 2o<7)A^)5ffiTt; 

(±, fjiE*i wisgij§iwai*iHfrfE*2(7)itsij^coifea 

Ififfi^^iSSn, h5SB*3<7)ANDIh]SSco?S^coA 
tJ38 : ftCiiHfrfE*2 CODF Fcr>mt)-t> i &%iZix. mifE* 
4 CO A N D ®m<Dm V) co A*ST- IC {i huIE* 2 <D D F F 
o»aRteiH^j^as$<i, huIE* 1 coORHISSOA^ 
3T-(c(±frfE* 1 fc*3 cOANDlelSScom^^gSc? 
it, ilj|E*2c0 0Rli]SSc7)Aytia : ?-lcliHfrlE*2 t*4 

oAND@ttwm7j*«»a$n, fre»i coores&co 

ffiWUPfgf t LTtB^^tt, MIE*2<7)OR[pISSco 
Bit)A J DOWN«ft LXliiJjZnZZ b ^Wit-f 

[0013] $<bu, «riEfifflj:b«Sffi±mrW^>7- 1 ; > 

^[i]SSi:B!rlEfiiS4 ; iJ^lHll&S.c7*3 t»4«DFF^ 
»l££tu frfEfeffi*iJ3elHlK<!0BtrfE* l coOREBStodi 
^^BlfIE*3C0DFF«0T'-5'A*^(:ft«$tt, fj 
IE* 2 COO R HE&coiti^iiirfEfjl 4C0DFFc0t=---^A 

ss?i:«f ? ii, mum 2<7)ifvy? frmzm 3 tm 

40DFFO?n^A»«?i:«*$li < lulE*3C0 
DFFWfflMUPfi^tLrfflSSjl. B>rfE*4C0D 
FFooaiy^TifDOWNff-f-i: LTttly^ C t 

[0014] $ <b»c mriE-'T- > y > ^'iisscoflfrfE* 1 
b m 2 <o«sw»tJ«d FF^«bii$wci^itatt 
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[0015] s^bjz, Hfrfe^>y>; >^@B<7)friE*i 

*^fllfltSii, WISH 1 co^ •yf-EIBcOT'- * ATjST- 
A^S^UiiHfrieU 1(077 ^-llK^>ttl** ? SSc$it, 

mim 3(077 ^hikot'- * A^js^uiiffirte^ 2 o 

0f§(7) ^D 7 ^ A^^U l^n 7 ^ a*A2j £ *t> mjf£ 
*2077f@B^)^n7^XJ*K i±*3ffiJR<g $ it 
/:^n7^^AA$n, fliTIBff 2 y ^IlB<OiB;fr$S 

[ooi6] [ftffl] *»w-eii, A^-f-^otr ^ h 
-r- ^sciio-oo^7 clko 

ffi^a^II*^ n 7 ^fif C L K 9 0 iffl^t, ft2o 
CO ^ n y * ^ffio Tfiffiit^^fi 9 o 
[0 0 17] *»E<&ttttJttt»-C(i, A#7*-*£C 
LK0<hCLK9 0 O-ftl-PJlORx y v\ K-4*w 
>W>^1~£ 0 ftJUtfttt, -?-<7>l*U CLKOOSx 
7 isJ&WC L K 9 OOit^coaiy vft3 ^^rffl^r^f 
i -€-<0^> CLK90W/7 6 'J>^(iCLK0(7) 

^- 1 £^3 ti C L K 0 X^ > y^J > £ *trt:fl#oaj27« 
^>7 0, J >^ff^-2 i±C L K 9 0T^>7°»; 

[0 0 18] ^ctc, ffi*^Jt*iS*L*!lBfS:JiLTO|fcaT- 
-^>:/ , j >^fir2<0l^;i^^>:/u >^ff 3^1/ 

^A'fcmi;-?**!^ j2«# ? s*iTv>4 fc¥0Bfu up 

[0 0 19] *«WCti, ^>-7 0, J >rm-^l t^->y a 
>) > ^flT*3*«*«r otv^itfcttffl U CLK9 0 
cOW^y v-C-^>y"U >^§n/:2oco-i)->7 p, J >^-r 

-**c% ^>*7°u yrm^i k*>^u >vm^z u« 

5J"CAv>fcj&, PLL«:*flE-t-*BIBO»fta*U^» 



(4) HH2 0 0 0- 3 2 3 9 8 4 

>*7°U >^{f-^l t 2£^<7>£i, A^-*<053^|-r 
[0 0 2 0] 

[0 0 2 1 ] [* i oftjffi&S] H 1 t±*%9!<!0* 1 co 
ilifl^trn y *EIT*£>4o 
70 [0 0 2 2] HlUiJ^T* NRZf^AJf»^/5 

7 * 4 VC03^^^U7 ^fs^C L K 0 

t^ Jr /2fiiXl/0^n7 ^Mt^C L K 9 0 ti±itL 

[0 0 2 3] tfcffiJtttS 1 (i, A#*r*- jr^ny^fc 
^ffi*JtR«rfi^\ XtfT*-?izHLX?u y *cof£*g 

[0 0 2 4] 7 4 fr9 2ii, ffiffiJt«SlOUP/DO 
20 WNjf-^com^W-^^A^L, VC0 3<7)r|jffl^/±£ffi 

7^1-4 o ::r% up«^A*Siifttf, vco3o 

ISfifflaSftSritf^^riPl^waimESraEfta 1 *, DOW 
N«***X»S*iiUiTVC0 3O»«W*JfttT*f** 
f«IU»iJW«EE*3e j ffc&Hi:-6o 
[0 0 2 5] v CO z\±v 4 >v 9 2 frb<n#mW£K£ 
^»«a«**ICfi:L, CLKO^iliHOSfiffl 

7& ? it^r^>4 c l k 9 o ^*^i-4o 

[0 0 2 6] ffifflit«!«10fl|«(Cov>T#«IU 

>^@bi o ^77^ >m j %mijms& 

1 1 *^*StStL4 0 ^>y*>) >/iBi o 

(i, JSl k*2cOfSSlj^l 2, 1 3 t»l tm2<DD- 
t y p e 7'j 7 7'7D7 7 e ( D F F ) 14, 15*^i 

[0027] ::t% »io**»JB-ei±, »u*2 

^»»lJSl2 f 1 3 1 <h»2C0DFF 1 4, 15k 
1^— COD- type7'j77 s 7D7 ^OflUS; 1 1" 4 0 A 

*r'-^«i*l t»20»giJSi 2, 13M*lt* 
40 2CODFF14, 1 5 <0-r*- 9 XjjMJ' (D) tC S 
sH4o i/c, CLKO(i*lt*2(7)»glJSl2 ( 13 
co^n-y^A^SB^ (C) CASSiUo -^<0^, ^l 
cofSgiJSg 1 2TO^n7^ (Oj£*>T^ ^CA^r-^ 

<n*ir>-f*) >7*?r\,\ m2<Dm%mi 3Xi±?u y ? 

^J>:^±76^B#UA*•r-^C0-^>7 o, ; >r*ft c 
LK9 OiifSl k||2CODFF14, 15(0^D7U 
SJH^ (C) CA^Sii^o -J-^IR, SlODFF 1 4 
■Cii^n -y ^<7)i^±^i9^jzAy^T*-^<0-^>yu > 
^*rtTV\ $20DFF 1 y ^Ojzl^T^^ 

50 B|i;A*f-^t>7''j>^ff^ iitg 
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2 <nmsm 1 2 , noaii^stf-^sa, f 

[0 0 2 8] T>y •7°r^>ff^-m^H]Kl 1 (±mi frh 
»4 0AND@»1 6-1 9 8^*1 <h*2C0 0R@ff§ 
2 0, 2 1 *^fl|*$ft4 0 «i OttffllSl 2(7)fflJ 

(Q) (3^3 ti4<7)ANDllIfSl 8, 19UA*Sit 

*o m<nm$m\ 2mkmmmt\ (qb) i* 

SUt2OAND01Sl 6, 17CAS§JUo»2 
(JOfftSUSl 3(7)ffi^7 (Q) liMl ay f »2 0ANDHItt 
16, 1 7{CX*StL4 0 ifc, M2<0»gygl 3<7>Ifc 
3JE«ffi;fr (QB) (±»3 ch^4(7)AND{pIKl 8, 1 

[0 0 2 9] ifc, ll^DFFHOtW (Q) l±j£ 
l^ANDIKl 6CAJ?iUo ifc, ll^DFF 
1 4 <D=mmmzlti1j (QB) [ii20ANDIUK 1 7 [Z 
At}Zn& 0 ^2c7)DFF 1 5^ (Q) liS30A 
NDIIKl 8 CAJJWo ttz* ^20DFF150 
IfeaRKHl* (QB) f*M40ANDII8&l 9 

ft£o 

[0 0 3 0] *l^AND@SSl 6h*3^)AN 

DHIJBl 8 0m*«i»l CO OR 0^2 OCAiSiUo 
M2 OANDd]ff& 1 7 <h*4<7)ANDIUf&l 9 CO 
ffi#(2|g2<7>OR[n]i&2 U:Ai^U 0 llOORi 
»2 0OtB*(iUP«*m*JiqFU«||Sit, ^2coO 
R0K2 1 OfflJliDOWNf *IB ft 

[0 0 3 1 ] ^tC, *«9lOMlOffiffiJkK« lOf&ft 

uo^Tia*fl9v>T^-r^o m 3 <*m 1 oefflitKs 

10ft«Oiftft»3B*^L/cia-e*-5o 13 3 (a) {±A 

U [3 3 (b) lUJf-^:JtLt^n^ofi«i« 
«A,"Ci/>4»£*r^LT^&o H5HI#ltt»2jU 
ii, C L K 0 Oit) W*) NfC^ > ft^f - 9tf 
ttitlZii, »ffll*2a*(Ci±CLK0^2t»±^»)WFU 
*>"/^$iifcr'-^*»m*5*iTv^ 0 DFF14A 
UiiC L K 9 0CO3l*>±^*9B#U^> ^Sftfcf-^ 
rt ? £tt#$ft, DFF2»*i:(iCLK9 0<7)i*,W«) 
BfC^>7>$ft/:T-^^$fttv^ 0 ifc, c 

[0032] H3 (a) i:oK#i4t, « 

^LWFiw**eofc^t ir% »susi(7)m^^ i' 

KSMfc+fco *^t4t, »BUS1 t»giJ»2oa^ 
H£*K i/c, *^DFFiaU f DFF2WHlW> 
AND 3 <F>&33i) v 1' (-$r4fc#, UPffF 

[0 0 3 3] *:2fit:A*f-^^ 0' 
to^tBt»i:upffl^' i f Kfc£ 0 d 
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OWN«fi:i/^x^4i:Tv^^ Cftii, l^gij^ 
1 <h IS 8 IJ S 2 O -r' - * i f£ ft L T v > £ ftj m ^ ^ n y ? <n 

* f £i;Titi^JtttSi oy>f >***jWt±^L*sirr 
-SUSS *K *n -y ^* ? T'-^uraWi-^»ft^tif^W 

[0 0 3 4] 03 (b) <Dm&i>\*imX\ X~h"r-9 
^ 0' frh* V \zmttit, &#*t3, t4"CHt 

busi ifc(±»8y»2om**qEftL, w^dff 

lS0 f DFF2 Offi^^tb AND 2 ifcfi AND 4 GOtfJ 

1' KfcaCfcTN DOWNfit^' 1 ' ic£ 
£o a±OftftU J: *K 7"- 9 t 9 n y ^OftffiJttt** 
firfriu fo«tS:7>f^^2i:lU VC0 3 0BI 

[0035] ffiot, AAf-^i:iiHtvco3*ib 

o^n y ^m^mnx^^m^izi± y m3 (a) 

^^2 4r^LT, VC0 3CAA$ft, *n?*«-SS-i 
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m-fo H5tliJ^T, XSf-?*ibOR2aiJi-C 

«, mi^mwmtmcx^i> 0 

[0 0 4 1 ] *C, UP, DONW«0ffl*«-?-*^* 
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